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(57) ABSTRACT 

One inventive aspect relates to a method of controlling the 
gate electrode in a silicidation process. The method com 
prises applying a sacrificial cap layer on top of each of at least 
one gate electrode, each of the at least one gate electrode 
deposited with a given height on a semiconductor Substrate. 
The method further comprises applying an additional layer of 
oxide on top of the sacrificial layer. The method further com 
prises covering with a material the semiconductor Substrate 
provided with the at least one gate electrode having the sac 
rificial cap layer with the additional oxide layer on top. The 
method further comprises performing a CMP planarization 
step. The method further comprises removing at least the 
material and the additional layer of oxide until on top of each 
of the at least one gate electrode the sacrificial cap layer is 
exposed. The method further comprises removing the sacri 
ficial cap layer from each of the at least one gate electrode, 
yielding each of the at least onegate electrode still having the 
given height. 

20 Claims, 3 Drawing Sheets 
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METHOD FOR GATE ELECTRODE HEIGHT 
CONTROL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the field of the fabrication 

of silicided gate devices by means of a CMP integration 
scheme. 

2. Description of the Related Technology 
CMP is a method of removing layers of solid by chemical 

mechanical polishing carried out for the purpose of Surface 
planarization. In a chemical-mechanical polishing (CMP) 
scheme after the planarization step, the material (e.g. oxide) 
covering the wafer is thinner on top of Smaller structures (t) 
than on top of larger structures (t), as illustrated in FIG. 1. 
This is a characteristic feature of a CMP process. This CMP 
non-uniformity within-die and also within-wafer has an 
impact on the dry etch process that clears the oxide from the 
top of the poly-Sigates, while leaving the source/drain (S/D) 
areas covered by oxide. Indeed, to guarantee that oxide on top 
of all gate electrodes (Small and large) is removed (which 
constitutes an essential condition to (fully) silicide the gates 
later on), an over-etch time has to be applied. The higher the 
non-uniformity values, the longer the over-etch time needs to 
be. This puts stricter constraints on the dry etch process, since 
a very high etch rate selectivity of the gate electrode material 
(e.g. poly-Si) vs. that of the material (e.g. oxide) covering the 
devices is then required. If, for example, there is still an oxide 
layer of a certain thickness on top of some gate electrodes, 
while some other devices are already oxide cleared out, then 
the dry etch selectivity towards the gate electrode should be 
very high to ensure that all gate electrodes end up with the 
same final height. 

FIG. 1 schematically represents the process flow showing 
the CMP non-uniformity problem encountered in the prior 
art. On a semiconductor substrate (10), shallow trench isola 
tion (STI) regions (11) are defined, followed by gate stack 
patterning. Gate structures with different lengths were 
defined as shown in FIG.1a: (I) Small gate; (II) large gate. The 
conventional gate stack consists of a thin gate dielectric layer 
(12), a gate electrode (13) and an additional layer (14). After 
gate patterning, spacers (15) definition and silicidation of the 
Source and drain regions (16), a material (17) is deposited in 
order to planarize the structures prior to the chemical-me 
chanical-polishing (CMP). After the CMP, the non-unifor 
mity of the remaining material is illustrated by the different 
values of the thickness on top of the large gates (t1) and the 
small gates (t2), with tidt2 as shown in FIG. 1a. FIG. 1b 
shows schematically the exposed gate electrode on the Small 
gate (I) after the oxide etch-back step. During the over-etch 
step need to clear out the material (17) and the additional layer 
(14) from the larger gate structures, the gate electrode (13) 
from the Small gates (I) is partially consumed, whereas on the 
large gates (II) the initialt thickness is still present as 
illustrated in FIG. 1c. 
The CMP non-uniformity could possibly be improved with 

the use of a liner (stop CMP liner). The problem with imple 
menting this alternative approach is in the choice of the mate 
rial(s) to use as liner, Such that the spacers integrity is not 
compromised and the process complexity is not increased (as 
if a liner with multiple layers were chosen). A nitride stop 
CMP liner as disclosed by Wong et al. in U.S. Pat. No. 
5,731.239 does not completely solve the non-uniformity 
problem after CMP and limits the choice of spacer material to 
oxide. In this case, if nitride spacers were used, their integrity 
would be affected by the liner removal step. 
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2 
It is thus desirable to provide a method for controlling the 

height of gate electrodes in a silicidation process. 

SUMMARY OF CERTAIN INVENTIVE ASPECTS 

One inventive aspect relates to a method for controlling the 
gate electrode height in a silicidation process. The method 
comprises: 

applying a sacrificial cap layer on top of each of at least one 
gate electrode, each of the at least one gate electrode 
deposited with a given height on a semiconductor Sub 
Strate, 

applying an additional layer of oxide on top of the sacrifi 
cial layer, 

covering with a material the semiconductor Substrate pro 
vided with the at least one gate electrode having the 
sacrificial cap layer with the additional layer of oxide on 
top, 

performing a chemical-mechanical polishing (CMP) pla 
narization step, 

removing at least the material and the additional layer of 
oxide until on top of each of the at least one gate elec 
trode the sacrificial cap layer is exposed, 

removing the sacrificial cap layer from each of the at least 
one gate electrode, yielding each of the at least one gate 
electrode still having the given height. 

Advantageously the method further comprises a step of 
patterning the sacrificial cap layer and of encapsulating with 
spacers the gate electrode, provided with the sacrificial cap 
layer on top and, optionally, with the additional layer of 
oxide. 

Preferably the method further comprises a step of siliciding 
the at least one gate electrode still having the given height. 

In another preferred embodiment the at least one gate elec 
trode is in poly-Silicon or in amorphous silicon. The sacrifi 
cial cap layer preferably is in SiGe. Alternatively, it may be in 
any material with a slower etch rate than the material used to 
cover the semiconductor Substrate. Advantageously, the sac 
rificial cap layer is removed with a wet etch. 
The material for covering the semiconductor substrate is 

advantageously oxide or phosphosilicate glass. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 represents the CMP non-uniformity problem 
encountered in the prior-art: (a) after CMP; (b) after oxide 
etchback until the exposure of the gate electrode on the small 
gates; (c) after further oxide etch back (over-etch) until the 
exposure of the gate electrode on the large gates. 

FIG. 2 represents the steps of the method according to one 
embodiment: (a) after CMP; (b) after oxide etchback until the 
exposure of the sacrificial layer on the Small gates; (c) after 
further oxide etch back (over-etch) until the exposure of the 
sacrificial layer on the large structures; (d) after selective 
removal of the sacrificial layer. 
FIG.3 represents the RTP1 temperature process window 

(PW) for NiSi FUSI for 45 nm NMOS devices. PW is 
increased from about 5°C. with a standard 2-step RTP flow, 
to about 20°C. with the SiGe sacrificial cap layer flow. The 
latest corresponds to the method according to one embodi 
ment. 

DETAILED DESCRIPTION OF CERTAIN 
ILLUSTRATIVE EMBODIMENTS 

FIG.2 schematically shows the steps of the method accord 
ing to one embodiment. In the embodiment a sacrificial cap 
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layer (18) (e.g. in SiGe) is used on top of the gate electrode 
(13) (e.g. poly-silicon), (possibly) encapsulated by the spac 
ers (15). The sacrificial layer (18) has an initial thickness ts. 
and can be removed with high selectivity (e.g. by wet etch) 
with respect to the gate electrode (13), the spacers (15) and the 
oxide covering the S/D silicide (17). 

FIG. 2a illustrates the within-wafer and within-die non 
uniformity of the material (17) after CMP. The remaining 
thickness of the material on top of the Small gates (t2) is 
typically lower than the thickness of the remaining material 
on top of the large gates (t1), with tidt2. 
By performing an oxide etch back, both the remaining 

material (17) and the additional layer (14) are removed until 
the sacrificial layer (18) on the Small gates is exposed as 
illustrated in FIG.2b. End point detection is used to detect the 
exposure of the sacrificial layer (18) on the small gates (I). 

Next, an overetch step is performed until the complete 
oxide clear-out is achieved on the large gates (II), with full 
exposure of the sacrificial layer (18). 
As described in FIG. 2c, during the etch back step, the 

within-wafer and within-die non-uniformity of the oxide 
layer (from CMP) implies that, in some locations, no sacrifi 
cial layer is etched away while in other locations a layer of a 
thicknessy (withysts) is etched away. The sacrificial layer 
(18) does thus not act as a stop layer. 
The sacrificial layer within-wafer and within-die non-uni 

formity, after the oxide clear-out of the gates, does not pose a 
problem, because all sacrificial material remaining on the 
wafers is then removed (by wet etch) very selectively to all 
other materials present in the wafers as shown in FIG. 2d. 
After removing the sacrificial layer, the silicidation (option 
ally a full silicidation) of the gates is then performed in gate 
electrodes with a controlled height (i.e. the deposited gate 
electrode thickness). 

In a preferred embodiment the gate electrode is poly-sili 
con and the removal process is a selective wet etch. 
By employing the sacrificial layer and the method as 

described above, an excellent control of the poly gate elec 
trode and spacer height is achieved. As shown in FIG. 2d the 
initial thickness of the poly-silicon gate electrode (t) is 
kept all over the different gate lengths. 
A sacrificial cap layer (for example in SiGe) can also be 

interesting for obtaining devices with higher spacers height as 
compared to the gate electrode height prior to the gate silici 
dation. This allows 

better control of the amount of metal (e.g. Ni) accessing the 
gate electrode prior to the (full) silicidation of the gate, 
hence leading to a better silicide phase control down to 
Smaller gate lengths, and 

nicely containing the (fully) silicided gate inside the spac 
ers after the Volume expansion occurring during full 
silicidation of the gates. The Volume expansion is even 
more severe for metal-rich silicides). 

In a preferred embodiment the method for controlling the 
gate electrode height is used in the fabrication process of 
advanced CMOS devices with about 45 nm gate length. In the 
same preferred embodiment the poly-silicon gate electrode 
(13) has a thickness of about 100 nm and the SiGe sacrificial 
layer (18) a thickness of about 25 nm. The patterned gate 
stack is encapsulated with nitride spacers (15) and the mate 
rial (17) used for planarization is phosphosilicate glass. 

After CMP of the material (17) and dry-etch oxide etch 
back, a 90% over-etch step is performed. This over-etch step 
is only partially etching away the SiGe from the Small gates, 
leaving enough on place to protect the underneath poly-Si 
gate electrode. After removing selectively the SiGe from the 
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4 
gate electrode, the gate silicidation process is started by 
depositing about 60 nm Ni, followed by a two-step rapid 
thermal process (RTP). 
The process window (PW) of the RTP1 step for NiSi FUSI 

gate formation has been expanded from about 5° C. in the 
conventional 2-step RTP flow, to about 20° C. with the SiGe 
sacrificial cap layer flow. FIG. 3 illustrates this process win 
dow expansion for about 45 nm NMOS devices. 
The approach according to the embodiment offers many 

advantages. After the sacrificial layer removal, Smaller and 
bigger devices with identical gate electrode height are 
obtained everywhere on the wafer. This is an essential factor 
to guarantee FUSI phase control down to Small gate lengths. 
The process sensitivity to the inherent non-uniformity 
(within-die) of CMP is substantially reduced. Also, a smaller 
sensitivity to within-wafer CMP non-uniformity is thus 
obtained. As a consequence, a more relaxed CMP process can 
be used in the fabrication of FUSI CMOS devices. Linked 
with this, less tight constraints are required for the selectivity 
ratios in the dry etch process used to clear out the oxide from 
the gate electrodes. All these elements contribute in obtaining 
a more robust (enhanced manufacturability) process for FUSI 
integration. 
The method according to the embodiment adds one extra 

process step to the process flow for the removal of the sacri 
ficial cap layer. However, since the removal is highly selec 
tive, it is a simple, fast processing step. 
The foregoing description details certain embodiments of 

the invention. It will be appreciated, however, that no matter 
how detailed the foregoing appears in text, the invention may 
be practiced in many ways. It should be noted that the use of 
particular terminology when describing certain features or 
aspects of the invention should not be taken to imply that the 
terminology is being re-defined herein to be restricted to 
including any specific characteristics of the features or 
aspects of the invention with which that terminology is asso 
ciated. 

While the above detailed description has shown, described, 
and pointed out novel features of the invention as applied to 
various embodiments, it will be understood that various omis 
sions, Substitutions, and changes in the form and details of the 
device or process illustrated may be made by those skilled in 
the technology without departing from the spirit of the inven 
tion. The scope of the invention is indicated by the appended 
claims rather than by the foregoing description. All changes 
which come within the meaning and range of equivalency of 
the claims are to be embraced within their scope. 
What is claimed is: 
1. A method of controlling the gate electrode height in a 

silicidation process, comprising: 
applying a sacrificial cap layer on top of each of at least one 

gate electrode, each of the at least one gate electrode 
deposited with a given height on a semiconductor Sub 
Strate, 

applying an additional layer of oxide on top of the sacrifi 
cial layer, 

covering the semiconductor Substrate with a material, the 
Substrate having thereon the at least one gate electrode 
having the sacrificial cap layer and the additional layer, 

performing a chemical-mechanical polishing (CMP) pla 
narization, 

removing at least the material and the additional layer of 
oxide until on top of each of the at least one gate elec 
trode the sacrificial cap layer is exposed, 

removing the sacrificial cap layer from each of the at least 
one gate electrode, yielding each of the at least one gate 
electrode still having the given height. 
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2. The method of claim 1, further comprising patterning 
and encapsulating with spacers the gate electrode, the gate 
electrode having the sacrificial cap layer and the additional 
layer of oxide. 

3. The method of claim 1, further comprising siliciding the 
at least one gate electrode still having the given height. 

4. The method of claim 1, wherein the at least one gate 
electrode is formed in poly-silicon or in amorphous silicon. 

5. The method of claim 1, wherein the sacrificial cap layer 
is formed in SiGe. 

6. The method of claim 1, wherein the sacrificial cap layer 
is removed by a wet etching process. 

7. The method of claim 1, wherein the material for covering 
the semiconductor Substrate is oxide orphosphosilicate glass. 

8. The method of claim 1, further comprising providing a 
semiconductor Substrate comprising at least one gate elec 
trode. 

9. A method of controlling the gate electrode height in a 
silicidation process, comprising: 

applying a sacrificial SiGe cap layer on top of each of at 
least one gate electrode, each of the at least one gate 
electrode deposited with a given height on a semicon 
ductor substrate; 

applying an additional layer of oxide on top of the sacrifi 
cial SiGe layer; 

covering with a material the semiconductor Substrate, the 
Substrate having thereon the at least one gate electrode 
having the sacrificial SiGe cap layer and the additional 
layer of oxide, 

performing a chemical-mechanical polishing (CMP) pla 
narization, 

removing at least the material and the additional layer of 
oxide until on top of each of the at least one gate elec 
trode the sacrificial SiGe cap layer is exposed, 

removing the sacrificial SiGe cap layer from each of the at 
least one gate electrode, yielding each of the at least one 
gate electrode still having the given height. 

10. The method of claim 9, further comprising providing a 
semiconductor Substrate comprising at least one gate elec 
trode made of poly-silicon or amorphous silicon. 

11. The method of claim 9, further comprising siliciding 
the at least one gate electrode still having the given height. 

12. The method of claim 9, wherein the sacrificial SiGe cap 
layer is removed by a wet etching process. 

13. The method of claim 9, wherein the material for cov 
ering the semiconductor Substrate is oxide orphosphosilicate 
glass. 

14. A method of controlling the gate electrode height in a 
silicidation process, comprising: 

applying a sacrificial cap layer on top of a first and second 
gate electrode, each of the first and second gate electrode 
deposited with a given height on a semiconductor Sub 
strate, the first gate electrode having a shorter length 
than the second gate electrode: 
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6 
applying an additional layer of oxide on top of the sacrifi 

cial layer on each of the first and second gate electrode: 
covering the semiconductor Substrate with a material, the 

Substrate having thereon the first and second gate elec 
trode having the sacrificial cap layer and the additional 
layer; 

performing a chemical-mechanical polishing (CMP) pla 
narization; 

removing at least the material and the additional layer of 
oxide until on top of each of the first and second gate 
electrode the sacrificial cap layer is exposed; and 

removing the sacrificial cap layer on each of the first and 
second gate electrode, yielding each of the first and 
second gate electrode still having the given height. 

15. The method of claim 14, wherein the process of per 
forming a CMP planarization is performed after the process 
of covering the semiconductor Substrate with a material, and 
the process of removing the material and the additional layer 
of oxide is performed after the process of performing a CMP 
planarization, and the process of removing the sacrificial cap 
layer is performed after the process of removing the material 
and the additional layer of oxide. 

16. The method of claim 14, wherein each of the first and 
second gate electrode has the material remaining thereon 
after the process of performing a CMP planarization. 

17. The method of claim 14, wherein during the process of 
removing at least the material and the additional layer of 
oxide, the sacrificial cap layer on the first gate electrode is 
partially etched, and the process of removing the sacrificial 
cap layer comprises removing the remaining sacrificial cap 
layer on the first gate electrode and the sacrificial cap layer on 
the second gate electrode. 

18. The method of claim 14, further comprising, prior to the 
process of covering the semiconductor Substrate with a mate 
rial, patterning and encapsulating with spacers each of the 
first and second gate electrode, each of the gate electrodes 
having the sacrificial cap layer and the additional layer of 
oxide. 

19. The method of claim 18, wherein the process of remov 
ing the sacrificial cap layer comprises removing the sacrificial 
cap layer from the second gate electrode and the remaining 
sacrificial cap layer from the first gate electrode selectively 
towards the spacers, the gate electrode, and the material, 
therefore yielding each of the at least one gate electrode still 
having the given height. 

20. The method of claim 18, wherein, after the process of 
patterning and encapsulating with spacers each of the first and 
second gate electrode, the semiconductor Substrate has the 
first and second gate electrode, a first and second source 
region, and a first and second drain region, and the method 
further comprising, prior to the process of covering with a 
material, performing silicidation of the Source and drain 
regions. 


